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Universal Transverse Mercator projection, zone 12

  Tr                   Rhyolite (Miocene)—Bright red to brownish red or, less commonly, gray, resistant welded rhyolite tuff.  
Medium-size (3-6 mm diameter) grains of smoky quartz (2 to 3%) and sanidine (6 to 10%) indicate rhyolite 
composition.  Black vitrophyre near base and locally at top.  In well-exposed outcrops, central unit shows 
distinctive large (2 x 8 cm) flattened vesicles and is abruptly overlain by dense, highly flattened rhyolite 
containing strongly stretched fiamme (pumice blocks).  Welded tuff contains sparse lithic fragments of granite 
as large as 1.5 cm diameter.  Overlain by alluvium and landslide deposits (unit QTa).  Deposit is 9 m thick in 
Emigrant Canyon and 17 to 20 m thick southeast of Trail Creek.  Similar rhyolite lying on metamorphic rocks 
farther north in Albion Mountains dated by Armstrong (1976) at 8.8 million years

 Ts Sedimentary deposits (Miocene)—Light brown, slope-forming unit consisting of cobbley sand.  Clasts are 
from the Almo pluton and Elba Quartzite; latter more abundant by factor of ten.  Clasts commonly as large as 
one meter diameter; a few as large as 4 m.  Overlies Almo pluton and older rocks; overlain by rhyolite.  Unit is 
5 to 10 m thick at most, tapering to zero northeastward on ridge southeast of Trail Creek

 Tg Granite (Oligocene)—White to light-gray, medium-grained, subequigranular, granite forming the Almo pluton.  
Ranges from biotite granite containing 10 to 12% biotite and no other characterizing minerals, to 
biotite-muscovite granite, to muscovite granite containing 12% muscovite, to muscovite granite containing as 
much as 5% red garnet.  Quartz is light gray, generally about 30% of rock.  Typically massive, but locally is 
layered due to mineral accumulations that form alternating light and dark bands.  Pegmatite-aplite dikes are 
common; most are muscovite-bearing, and a few contain garnet as well.  Some joint surfaces coated by 
muscovite selvages.  Roughly zoned from muscovite granite near center of pluton outward to biotite granite, but 
many reversals and irregularities occur.  Typically intrudes Archean rocks along east side of pluton as a series 
of parallel light-colored dikes that dip moderately to the east and northeast over a zone as wide as 500 m.  Dated 
by Armstrong (1976) at 28.6 ± 1.0 Ma by the Rb-Sr method.  Unit includes small stocks of fine to medium 
grained biotite granite and granodiorite in Emigrant Basin area

 Op Metamorphosed Pogonip Group (Ordovician)—Brown to bluish gray coarse calcite marble in narrow band of 
outcrops near head of Emery Canyon and southwest of the Twin Sisters.  Brown color generally associated with 
micaceous marble, gray with pure marble.  Represents metamorphosed clean and silty limestone, minor 
dolomite.  Minerals include calcite, dolomite, and phlogopite.  Unit 10 m thick

Zmp Schist of Mahogany Peaks (Neoproterozoic)--Black coarse-grained pelitic schist.  Mapped north of Emery 
Canyon in stope blocks; elsewhere, included with underlying unit.  Age follows assignment by Wells and others 
(1998)

Zcb Quartzite of Clarks Basin (Neoproterozoic)—Silvery white, light gray, and tan, very thinly layered flaggy 
quartzite with micaceous parting seams.  Typically exhibits small folds.  Where mapped adjacent to Pogonip 
Group marble south of Emery Canyon and southwest of the Twin Sisters, unit includes 2 to 5 m thickness of the 
Schist of Mahogany Peaks.  Unit 20 m thick.  Age follows assignment by Wells and others (1998)

Zss Schist of Stevens Spring (Neoproterozoic?)—Brown to silvery brown, coarse-grained pelitic schist.  Typically 
has a wavy, silvery foliation that locally has knobby texture caused by muscovite, sillimanite, and biotite 
wrapped around porphyroblasts of garnet, andalusite, and biotite.  Locally, 2- to 7-cm-wide lenses or discs 
containing kyanite are preserved.  Distinctive amphibolite present locally, generally near the base of unit.   Unit 
about 300 m thick.   Age follows assignment by Wells and others (1998)

Zy Quartzite of Yost (Neoproterozoic?)—White, thinly layered, pure quartzite.  Contains only sparse muscovite 
layers.  Locally has pronounced green tint.  Unit 40 m thick.  Age follows assignment by Wells and others 
(1998)

Zun Schist of the Upper Narrows (Neoproterozoic?)—Light- to dark-brown and grayish-brown, fine-grained, thinly 
layered, quartz-rich muscovite-biotite schist and schistose quartzite.  Where little deformed, thinly layered 
aspect suggests unit could have been derived from laminated fine sandstone and siltstone.  Quartzite layers are 
white to pale brown, generally 2 to 12 cm thick.  Schist commonly contains veins and stringers of quartz and 
feldspar.  Pure limestone marble within unit is present west of Indian Grove.  Contains a few coarse grained 
quartzite beds near base.  Epidote and actinolite minerals locally present in a stoped block in Almo pluton, and 
near base of unit at Indian Grove.  Unit about 70 m thick.  Age follows assignment by Wells and others (1998)

Ze Elba Quartzite of Armstrong (1968) (Neoproterozoic?)—White to pale gray and grayish brown, thick bedded 
quartzite.  Lower part contains fairly abundant white, yellow, and bluish gray vitreous quartzite beds; upper part 
contains darker colored thick beds that are less pure than quartzite in remainder of unit.  Zone of conglomerate 
generally separates lower and upper parts.  Quartzite beds commonly show tabular cross-lamination.  Schist 
interbeds very close to top are lithologically similar to the Schist of Upper Narrows.  Elba typically underlies 
high ridges because it is resistant to erosion.  Nonconformably overlies Archean rocks; muscovite schist 
commonly marks the contact, and represents metamorphosed argillaceous soil.  Unit is about 200 m thick.  Age 
follows assignment by Wells and others (1998)

  Green Creek Complex of Armstrong and Hills (1967) (Archean)—Basement complex that underlies 
metasedimentary rock units.  Includes:

Wga Amphibolite—Black, coarse- to medium-grained, hornblende-plagioclase and hornblende-plagioclase-garnet mafic 
rock.  Contains minor quartz.  Forms linear, dark bands a few meters to tens of meters wide in granite (unit 
Wgg) of the Archean complex, relations we take as indicating it intruded granite as dikes

 Wgg                  Granite and granite gneiss—Light- to dark-gray, coarse-grained, porphyritic biotite granite.  Microcline 
phenocrysts as large as 5 x 2 cm in a medium- to coarse-grained matrix of quartz, biotite, and plagioclase.  
Phenocrysts typically aligned as magmatic foliation.  Biotite about 15 to 20 percent of groundmass.  Where 
deformed to gneiss, phenocrysts are stretched to augen porphyroblasts in fine groundmass.  Dated at about 2.5 
billion years old by Armstrong and Hills (1967).  Equivalent to Adamellite of Compton (1972)

Wgs                  Schist—Dark-brown, coarse-grained muscovite-biotite schist and related rocks.  Schist is biotite rich; typically 
contains veins, stringers, and knots of quartz and feldspar.  Unit includes minor amounts of fine-grained 
quartzo-feldspathic rocks.  Intruded by granite (unit Wgg).  Equivalent to Older Schist of Compton (1972)
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DESCRIPTION OF MAP UNITS

Note on mapping conventions:  Where a Quaternary map unit is present as a thin (<2 m thick) deposit, that unit is mapped with the (/) notation to 
denote the unit it is overlying; for instance, Qya/Qia indicates that a thin sheet of Qya overlies Qia.

Qal   Alluvium (Holocene)—Dark brown, organic-rich, sand and mud deposited in active washes and on adjacent flood plains; subordinate 
gravel in places.  Typically supports dense vegetation.  Unit typically 2 to 3 m thick

Qya   Younger alluvial fan deposits (Holocene)—Dark brown, organic-rich,  gravel, sand, and silt forming alluvial fans.  Most alluvial 
fans issue from steep hills and pass from steep upper parts to low-gradient lower parts.  In lower, eastern parts of Circle 
Creek and Twin Sisters basins, fan deposits consist of muddy sand, organic rich in places.  Locally contains the Mazama 
ash (~6,700 years old) in these locations.  As mapped, unit incorporates some colluvium and debris flows in upper, steep 
parts of fans and locally incorporates alluvium in lower reaches.  Fan deposits may have thick A horizon due to loess influx 
in Holocene.  Unit typically 1 to 4 m thick

Qyf   Younger fluvial deposits (Holocene)—Sand, mud and gravel associated with the perennial Raft River system.  Active river floored 
largely by gravel.  Deposits largely sand and fine gravel, but with mud beds and drapes.  Deposits lie unconformably on 
glacial-derived gray muds of unit Qif.  Floodplain terraces have an organic horizon and weak calcic horizon.  In tributary 
channels, charcoal in fluvial sediments of the river plain is dated at about 8,265 ± 35 radiocarbon years before present 
(9,410 to 9,120 calibrated years; Table 2) 

Qvp   Veneer on pediment (Holocene and Pleistocene)—Sediment forming thin veneer on pediment cut into granite.  Sediment consists 
of colluvium, alluvium, and alluvial fan deposits of variable age.  As mapped, includes small patches of pediment (bedrock 
exposure).  Grades in many cases to alluvial deposits of intermediate age (unit Qia).  Deposits generally less than 1 m 
thick; in all cases less than 3 m thick

Qls   Landslide deposits (Holocene and Pleistocene)—Dark-colored, bouldery, disaggregated deposits showing slump-block 
morphology.  Springs and dense vegetation typically occur on and near landslide deposits.  Most common on steep slopes 
at base of outcrops of Elba Quartzite.  In a few places, forms stepped slopes of regularly repeated slumps.  Mostly 
unforested.  Deposits less than 10 m thick

Qc   Colluvium  (Holocene and Pleistocene)—Light to dark brown, loose, unsorted rubble of rock and soil, generally on steep slopes.  
Deposits move mainly by gravity (slumping, tumbling, and creep) and less as transport by water (sheetwash).  Includes 
blocky material on and near Graham Peak that has moved by frost action.  Less than 5 m thick

Qt   Talus  (Holocene and Pleistocene)—White, blocky boulder deposits on very steep slopes.  Angular and generally lacks matrix of 
fine-grained materials.  Forms mostly in areas of rockfall and colluvium derived from Elba Quartzite; locally at base of 
prominent spires of granite such as Twin Sisters.  Accumulates mainly by rockfall and downslope creep.  Mostly 
unforested and less than 5 m thick

Qia   Intermediate alluvial fan deposits (Pleistocene)—Medium- to dark-brown, gravelly sand and sandy loam deposited mainly as 
alluvial fans, but including colluvium in steeper upland areas and small deposits of alluvium in low-gradient areas.  
Cobbles and boulders prevalent on steep slopes, less on flatter areas; large clasts composed of quartzite.  Sand and loam 
composed of decomposed granite and quartz in most places.  In places, includes overlying loess of varying thickness, 
typically 20 to 50 cm.  Deposits display broad alluvial fan morphology with flat crests, but are incised by active streams 
associated with Holocene deposits.  Distinguished from younger and older deposits by landform and presence of one or 
two well-developed soils, including argillic and calcic horizons; soils in places separated by loess.  Stage II calcic soil of 
Machette (1985) common; stage IV soil also present.  Thickness of unit less than 5 m in upland areas and greater than 10 m 
near Almo and Big Cove

Qif   Intermediate fluvial deposits (Pleistocene)—Sand, gravel, and mud of Raft River depositional system.  Weak pavement on 
surface. Defining characteristic is gray mud beds that are compositionally similar to rock flour carried by glacial streams.  
Suggests deposits are contemporaneous with glacial activity in the Raft River Mountains.  Mud lies on well sorted pebble 
to cobble gravel.  Bt and calcic (stage II) horizons in upper part of deposit distinguish it from younger fluvial deposits

Qoa   Older alluvial fan deposits (Pleistocene)—Medium-brown, gravelly sand deposited mainly as alluvial fans, but including 
colluvium in steeper upland areas.  Cobbles and boulders form an erosional pavement on rounded crests of deposits; clasts 
typically composed of quartzite.  Sand and loam derived from disintegrated granite and quartz in most places.  Unit 
displays well-developed calcic horizon, where surface not strongly eroded, including more than 1.4 m thickness of stage IV 
calcic soils likely to be several hundred thousand years old.  Because deposits are highly eroded, geomorphology not 
clearly connected to modern sources (mountains) and sinks (valley bottoms).  Thickness of unit 15 to 25 m

Qof   Older fluvial deposits (Pleistocene)—High terrace adjacent to Raft River, composed of rounded clasts derived from upstream mixed 
with less rounded clasts of adjacent alluvium.  Loess cap greater than 1 m thick. Soils not observed; unit may be younger 
than unit Qoa

QTa   Alluvium and landslide deposits (Pleistocene and Pliocene?)—Light-colored boulder and gravel deposits typically forming 
high hills that represent eroded high terraces.  Commonly mantled by rounded boulders as large as 1 m diameter and 
derived from Elba Quartzite.  Deposits south of Smokey Mountain and south of Twin Sisters contain huge boulders (as 
large as 5 m diameter) that are not obviously derived from present topography; probably formed by gigantic landslides 
from old mountains considerably different from current geomorphology.  Deposits generally thicker than 10 m; may be as 
thick as 25 m

QTf    Fluvial deposits (Pleistocene and Pliocene?)—Brown sand, gravelly sand, gravel, and silt underlying rounded terraces southeast 
of Almo and in the southeast corner of the Almo quadrangle.  Southeast of Almo, unit has thin, nearly flat bedding, 
common cross-lamination.  Sand and silt beds very well sorted; gravelly beds moderately sorted.  Parallel thin bedding and 
sorting of beds in deposit suggest fluvial origin.  Gravel source is granite and quartzite of southern Albion Mountains.  
underlies a composite surface that dips gently toward Raft River, but is incised by the river.  Late Pleistocene alluvial 
deposits lie on incised surfaces cut into fluvial deposits; relation indicates that fluvial deposits are much older.   
Thickness greater than 10 m.  In southeast corner of map, unit is moderately indurated gravel whose clasts were derived 
from the Raft River Mountains
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 I nter mediate fluvial deposits (Pleistocene) — Sand, gravel, and mud of Raft R iver depositional 
system.  Weak pavement on surface. Defining characteristic is gray mud beds that are 
compositionally similar to rock flour carried by glacial streams.  Suggests deposits are 
contemporaneous with glacial activity in the Raft R iver Mountains.  Mud lies on well 
sorted pebble to cobble gravel.  B t and calcic (stage II) horizons in upper part of deposit 
distinguish it from younger fluvial deposits  

Qoa  Older  alluvial fan deposits (Pleistocene) —Medium -brown, gravelly sand deposited mainly as 
alluvial fans, but including colluvium in steeper upland areas.  Cobbles and boulders 
form an erosional pavement on rounded crests of deposits; clasts typically composed of 
quartzit e.  Sand and loam derived from disintegrated granite and quartz in most places.  
Unit displays well -developed calcic horizon, where surface not strongly eroded, including 
more than 1.4 m thickness of stage IV  calcic soils likely to be several hundred thousand 
years old.  B ecause deposits are highly eroded, geomorphology not clearly connected to 
modern sources (mountains) and sinks (valley bottoms).  T hickness of unit 15 to 25 m  

Qof  Older  fluvial deposits (Pleistocene) — High terrace adjacent to Raft R iver, composed of 
rounded clasts derived from upstream mixed with less rounded clasts of adjacent 
alluvium.  L oess cap greater than 1 m thick. Soils not observed; unit may be younger than 
unit Qoa  

QT a  Alluvium and landslide deposits (Pleistocene and Pliocene?) — L ig ht -colored boulder and 
gravel deposits typically forming high hills that represent eroded high terraces.  
Commonly mantled by rounded boulders as large as 1 m diameter and derived from E lba 
Quartzite.  Deposits south of Smokey Mountain and south of T win Sisters contain huge 
boulders (as large as 5 m diameter) that are not obviously derived from present 
topography; probably formed by gigantic landslides from old mountains considerably 
different from current geomorphology.  Deposits generally thicker than 10 m; may be as 
thick as 25 m  

QT f             F luvial deposits (Pleistocene and Pliocene?) — B rown sand, gravelly sand, gravel, and silt 
underlying rounded terraces southeast of Almo and in the southeast corner of the Almo 
quadrangle.  Southeast of Almo, unit has thin, nearly flat bedding, common cross -
lamination.  Sand and silt beds very well sorted; gravelly beds moderately sorted.  
Parallel thin bedding and sorting of beds in deposit suggest fluvial origin.  Gravel source 
is granite and quartzite of southern Albion Mountains.  Capped by wind-blown(?) fine 
brown sand 1 to 2 m thick in many exposures; sand overlies stage III  or stage IV  calcic 
soil.  Deposit underlies a composite surface that dips gently toward Raft R iver, but is 
incised by the river.  L ate Pleistocene alluvial deposits lie on incised surfaces cut into 
fluvial deposits; relation indicates that fluvial deposits are much older.   T hickness greater 
than 10 m.  In southeast corner of map, unit is moderately indurated gravel  
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